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LiteBIRD
LiteBIRD is a next generation CMB 
polarization satellite that is dedicated to 
probe the inflationary B-mode. The science 
goal of LiteBIRD is to measure the tensor-
to-scalar ratio with the sensitivity of σ(r) < 
0.001. In this way, we test the major large-
single-field slow-roll inflation models.
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Full Success of LiteBIRD

σ(r) < 1 × 10-3  (for r=0)
All sky survey (for 2 ≤ℓ≤ 200)*

* More precise (i.e. long) definition ensures > 5σ r detection from each bump for r > 0.01. 
** We also use an expression δr = σ(r=0), which has no cosmic variance. 

✓ σ(r) is the total uncertainty on the r measurement that includes statistics ⊕ 
systematics ⊕ foreground ⊕ lensing ⊕ observer bias **
✓ The above should be achieved without delensing.
✓ Many inflationary models predict r > 0.01 ⇒ >10 sigma discovery
✓ Simple well-motivated inflationary models (single-large-field slow-roll models) 

have a lower bound on r, 
r > 0.002, from Lyth relation.

✓ No gravitational wave detection with LiteBIRD ⇒ exclude well motivated 
inflationary models (i.e. r < 0.002 @ 95% C.L.)
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Observation Strategy

Launch vehicle: JAXA H3
Observation location: Second Lagrangian point (L2)
Scan strategy: Spin and precession, full sky
Observation duration: 3-years
Proposed launch date: Mid 2020’s

Anti-sun vector

Spin angle
b = 50°, 0.1rpm

Sun Precession angle
a = 45°. ~90 min.

L2:	1.5M km from	the	earth

JAXA H3 Launch vehicle
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Foreground Removal
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Polarized foregrounds
- Synchrotron radiation and thermal emission from inter-galactic dust
- Characterize and remove foregrounds

15 Frequency bands. Obs. band : 34～448 GHz
- Low Frequency Telescope (LFT) : 34～270 GHz
- High Frequency Telescope (HFT) : 238～448 GHz
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Mission System Overview
�
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Focal	plane	 for	HFT

Polarization	modulator	using	HWP	at	aperture

Two	telescopes,	LFT	and	HFT

Cryogenics

Satellite	BUS	system

ADR	to	cool	the	TES	detector	
to	100mK

• Observing from L2 orbit
• The mission system consists of 

two telescopes.
• The entire telescope system is 

cooled down below 5K.
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Two Telescopes

Low frequency telescope (LFT)
• Cross-Dragone telescope
• Obs. Band: 34 ~ 270GHz
• Aperture size: 400mm
• Telecentric focal plane with the FOV is 

(10×20degs2)

High frequency telescope (HFT)
• Refractive telescope
• Obs. Band: 238 ~ 448GHz
• Aperture size: 200mm
• Telecentric focal plane with the FOV is  

(5×5degs2)

- Less than a degree of the beam size at all bands.
- Controlling the sidelobe by introducing the cryogenically cooled Lyot stop at 2K. 
- Introduce the rotating polarization modulator at the aperture
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Focal Plane Unit using TES

Three	colors	per	pixel	
with	a	lenslet coupling.

Each	color	per	feed,	
and	three	colors	within	
one	focal	plane.

Low frequency Focal Plane High frequency Focal Plane

✓ The current baseline design uses a single ADR to cool the both focal planes.
✓ The LF focal plane has 2238 TESs and the HF focal plane has 384 TESs. The total of 2622.
✓ The TES is read by SQUID together with the readout electronics is based on the digital 

frequency multiplexing system. 
✓ The effect of the cosmic ray is evaluated by building a model. The irradiation test is in plan.
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Polarization modulator
• Since the mission focuses on the primordial signal 

at low ell, we employ the continuously rotating 
achromatic half-wave plate (HWP). 

• The HWP modulator suffices mitigating the 1/f 
noise and the differential systematics. 

• The broadband coverage is done by the sub-wavelength 
anti-reflection structure.

• The broadband modulation efficiency is achieved by 
using 9-layer achromatic HWP. 

Broadband coverage

• The continuous rotation is achieved by employing the 
superconducting magnetic bearing. This system has a 
heritage from EBEX. 

• The prototype system has built and test the kinetic and 
thermal feasibility.

Rotational mechanism

Demonstration Model
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Cooling System

Mechanical cooler
✓ The 2-stage Stirling cooler + 4K-JT cooler 

from the heritage of the JAXA satellites: 
Akari (Astro-F), JEM-SMILES and Astro-H. 

✓ The 1K-JT provides the 1.7 K interface to the 
sub-Kelvin stage.

✓ Sub-Kelvin cooler: ADR has a high-TRL and 
extensive development toward SPICA, and 
Athena. 

✓ Closed dilution with the Planck heritage is 
also underdevelopment. 

Cryogenics
✓ Warm launch
✓ 3 years of observations
✓ 4 K for the mission instruments
✓ 100 mK for the focal plane

Stirling cooler and JT cooler@JAXA

ADR sub-Kelvin cooler @ CEA
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Mission status
✓ LiteBIRD is one of the serious candidate for the Strategic L-class slot 

in middle of 2020’s (the other is Solar-Power-Sail Trojan mission).
✓ Phase-A1 studies within ISAS/JAXA  program started in September 

2016 and will continue to August 2018 (2 years). Down selection for 
the L-class slot is then expected after Phase-A1.

✓ JAXA prefers focused missions for strategic large mission program. 
LiteBIRD is exactly a focused mission.

✓ MEXT roadmap 2017 (August 2017)
- proposed by Japanese Radio Astronomy community
- endorsed by Japanese HEP community
- LiteBIRD is selected as one of 7 new large-scale projects 

✓ JAXA roadmap
- Probing inflation from B-mode listed as one of top scientific objectives

LiteBIRD is well endorsed !!
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Summary
✓ LiteBIRD is next generation CMB satellite to probe the 

inflation with the sensitivity of σ(r) < 0.001  (2 ≤ℓ≤ 200).

✓ JAXA’s strategic L-class mission candidate, currently in 
Phase-A1

✓ One of top-priority science goals in JAXA roadmap

✓ International Project : Japan, US, Canada, Europe

✓ Launch in mid 2020’s w/ JAXA’s H3 for 3-year 
observations at L2

Thank you!
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Basic Japanese Vision for 2020’s

X

JAXA-led focused mission
s(r)<0.001
2 ≤ l ≤ 200
focused but still with many byproducts

US-led telescopes on ground
30 ≤ l ≤ 3000~10000 
e.g. Simons Observatory and 
CMB-S4

Powerful Duo

• This powerful duo is the best cost-effective way.
• Great synergy with two projects

• Foreground data from LiteBIRD, Delensing with CMB-S4 data

Essentially the same vision I had in 2008, when Europe was focusing on Planck.
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Probing the gravitational potential 
of the large scale structure
The CMB polarization (E-mode)
is lensed and this effect produces 
B-mode pattern. 

Probing inflation
If inflation exists, the primordial 
gravitational wave has imprinted the 
particular CMB polarization pattern, 
called B-mode.

Probing	inflation	using	
CMB	polarization
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Gravity + Quantum
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The	CMB	is	expected	to	be	linearly	polarized	regardless	of	the	existence	of	inflation.
• The	density	perturbation	creates	the	spatial	polarization	pattern	called	E-mode
• The	primordial	 gravitational	wave	creates	E-mode and	B-mode.

The	primordial	 B-mode	spectral	power	is	proportional	 to	the	tensor-to-scalar	ratio,	r,	and	
it	relates	to	the	energy	scale	of	inflation	as

We	can	probe	 the	GUT	scale	physics	experimentally	by	using	the	CMB	polarization	
measurement.

E-mode	and	B-mode

B-modeE-mode
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From Planck2015
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Improve	the	neutrino	mass	with	τ

Credit:(Rupert(Allison

LiteBIRD

• The sum of the neutrino mass degenerates with τ.
• We can measure the signature of reionization of the

universe, called reionization bump. The measurement
of this bump allows to constrain the optical depth of
the universe, τ. This signal appears at low ell range in
the polarization power spectrum, E-mod and B-mode.
The better E-mode measurements in the multipole ℓ <
20 will improve τmeasurement precision.

Reionization	bump
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More	outputs?
• The	science	beyond	the	inflation?

– Reionization	history
– Weak	gravitational	lensing	to	low	ℓ
– Non-Gaussianity
– Foreground	science	including	the	Galactic	magnetic	field	(synchrotron,	

dust,	anomaly…)
– Non-standard	pattern	in	the	map	domain

• The	extra	science	output	by	combining	the	LiteBIRD data	with	the	
external	data	set	(note:	this	is	LiteBIRD extra	success	items)
– Combining	with	the	ground-based	and	balloon-borne	CMB	data	to	

extend	" coverage:	open	up	the	delensingoption	to	probe	the	
inflation	signal	deeper

– Combining	with	the	multi-frequency	for	various	cross-correlation,	e.g.	
CIB.
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Planck��

Projected	sensitivity	by	J.	Errard

• ! " = 0.45×10*+ for	" = 0.01
after	removing	 the	foreground.	 The	
cosmic	variance	and	delensing w/	
CIB	is	included.	

• ," < 0.4×10*+ (95%	C.L.)	for	
undetectably	small	r.
Note:	! " = 0 = ," = 2×10*/

• Various	algorithm	development	 to	
remove	the	foreground	 is	in	
progress.

Instrumental	systematics	by	R.	
Nagata
• !010 total = 1.1×10*/
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Why	Space?
Pros
• No	atmosphere

1. Instantaneous	detector	sensitivity	
increases	by	×3�10

2. Free	choice	of	the	observing	band.	No	
atmospheric	absorption	 nor	emission.

3. Remove	the	degeneracy	between	the	
signal	fluctuation	and	the	atmospheric	
fluctuation

• Full	sky	access:	accessible	to	the	large	
scale	mode

Cons
• It	takes	long	time	to	prepare.
• Technology	has	to	be	chosen	�5-6	years	before	the	launch.
• Expensive


